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(54) RADIO COMMUNICATION SYSTEM HAVING FEEDBACK FUNCTION AND ITS METHOD 

(57)Abstract: | A 
PROBLEM TO BE SOLVED: To provide a radio 
communication system which feeds back 
multidimensional information to a transmitter by 
approximating the information to a lower dimension by 
means of a receiver and its method. 
SOLUTION: The radio transmission system which has a 
feedback function is provided with a plurality of 
transmission-reception antennas and transmits and 
receives signals through the antennas is also provided 
with a transmitter which restores fed- back information 
from a prescribed fed-back signal, weights the restored 
fed-back information to information signals, and 
transmits the weighted information signals after 
converting the signals into radio frequency signals and a 
receiver which estimates the channel through which the 
radio frequency signals are transmitted upon receiving 
the signals, extracts the fed-back information from the 
estimated channel, approximates the information, and 
transmits the approximated information to the 
transmitter after converting the information into the radio frequency signals. Since the 
communication system having the multiplex transmission-reception antennas utilizing feedback 
reduces the amount of the fed-back information, the channel required for feedback can be used 
more effectively and can cope with the feedback by means of the delaying effect required for 
the feedback. 




* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
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CLAIMS 



[Claim(s)] 

[Claim 1]A radio communications system which possesses two or more transmitting antennas, 
and transmits and receives a signal through said transmitting antennas, comprising: 
A sending set which restores return information, weights restored return information at an 
information signal, changes a weighted information signal into a radio frequency signal, and 
transmits it from a predetermined return signal. 

A state of a channel which received said radio frequency signal and through which said radio 
frequency signal passed is presumed, A receiving set which calculates a weight value of a 
dimension which corresponds to said number of transmission antennas using said channel state, 
approximates said weight value to a low rank dimension, extracts return information, changes 
said return information into a radio frequency signal, and is transmitted to said sending set. 

[Claim 2]The radio communications system comprising according to claim 1: 

A base band treating part which said receiving set extracts a base band signal from said received 
radio frequency signal, and presumes a state of said channel. 

A return information approximation part which a value calculated from a predetermined object 
function serves as the maximum, and calculates a weight value of a dimension applicable to said 
number of transmission antennas, approximates said weight value to a low rank dimension, and 
extracts return information. 

A return part which returns said return information to said sending set. 

[Claim 3]If said predetermined object function considers said channel state as the procession H 
(H is a Hermitian operator) and said weight value is made into the vector W, It is expressed with 

a following formula and the Pw=W H HW aforementioned return information approximation part, 
The radio communications system according to claim 2 the predetermined object function's P 
calculating W Qpt used as the maximum, approximating the W Qpt concerned to a low rank 

dimension based on a base vector of a prescribed form, and extracting return information. 
[Claim 4]A radio communications system of the characteristic vector according to claim 3, 
wherein said W Qpt corresponds to the maximum peculiar number of H H among said objective 
functions. 

[Claim 5]A radio communications system given in any 1 paragraph of claim 1 thru/or claim 4 
characterized by comprising the following. 

A return information restoration section which restores return information from a radio 

frequency signal which received said sending set from said receiving set. 

A base band treating part which modulates and codes an information signal. 

A load part which weights return information restored to an output signal of said base band 

treating part. 

A radio frequency treating part which changes an output signal of said load part into a radio 
frequency signal, and outputs it. 

[Claim 6]A radio communications system which possesses two or more transmitting antennas, 
and transmits and receives a signal through said transmitting antennas, comprising: 
A sending set which restores return information, weights restored return information at an 
information signal, changes a weighted information signal into a radio frequency signal, and 
transmits it from a predetermined return signal. 

Receive said radio frequency signal, presume a state of a channel through which said radio 
frequency signal passed, and in a base vector of the number of said transmission antennas, and 
the same number, From a selected base vector and a coefficient, choose all of a number 
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equivalent to a dimension which it is going to approximate of base vectors, and a coefficient of 
those, calculate two or more weight values, and in said two or more calculated weight values, A 
receiving set transmitted to said sending set after a value calculated from a predetermined 
object function searched for from said channel state extracts a weight value to maximize as 
return information and changes the return information concerned into a radio frequency signal. 

[Claim 7]The radio communications system comprising according to claim 6: 

A base band treating part which said receiving set extracts a base band signal from said radio 

frequency signal, and presumes a state of said channel. 

All of the number of said transmission antennas and a number of base vectors which are 
equivalent to a dimension which it is going to approximate out of a base vector of the same 
number, and a coefficient of those are chosen, A return information approximation part which 
extracts a weight value which a value calculated from a predetermined object function which 
calculated two or more weight values from a selected base vector and a coefficient, and was 
searched for from said channel state in said two or more calculated weight values maximizes as 
return information. 

A return part which returns said extracted return information to said sending set. 

[Claim 8]If a weight value calculated from a base vector and a coefficient which said 
predetermined object function P. considered said channel state as the procession H (H is a 

Hermitian operator), and were chosen as the i~th is made into vector W jt The radio 

communications system according to claim 7, wherein it is expressed with a following formula 

u u 

and the P.^Wj H HW. aforementioned return information approximation part extracts Wj which 
maximizes said objective function as said return information. 

[Claim 9]A wireless communication method which extracts return information from a received 
signal and transmits said return information to said sending set when M radio frequency signals 
characterized by comprising the following transmitted from a sending set are received through a 
multiple path. 

(a) A stage of presuming a state of a channel which is said multiple path from said received 
signal. 

(b) A stage of calculating a weight value which makes it returning to said sending set, and is 
made weighting said M radio frequency signals from said channel state. 

(c) A stage which approximates said weight value to S dimension (here, it is M>S), and quantizes 
a coefficient of an approximated dimension. 

(d) A stage of returning an index showing a base vector of a base vector of an approximated 
dimension and its quantized coefficient, or an approximated dimension, and its quantized 
coefficient to said sending set. 

[Claim 10]When the number of said multiple paths is L, the aforementioned (b) stage a state of 
said channel, The wireless communication method according to claim 9 extracting W Qpt from 

which a size shows in procession H of LxM, a size shows said weight value by the vector W of M, 
and a value of P of a following formula serves as the maximum as return information. 

P=W H H H HW (H: Hermitian operator) 

[Claim 11]The wireless communication method comprising according to claim 10: 

A stage where the aforementioned (c) stage determines a base vector which can express said 

(d) M dimension. 

(c2) A stage of calculating a coefficient which carries out the inner product of each base vector 
to said W t , and corresponds to said base vector. 

(c3) A stage which chooses a base vector which chooses S pieces as descending from said 
coefficients, and corresponds to a selected coefficient. 
(c4) A stage which quantizes a selected coefficient. 
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[Claim 12]A stage of extracting a base vector and a quantization coefficient from a return signal 
received from the (e) aforementioned sending set when return information on the 
aforementioned (d) stage is a base vector and a quantization coefficient, (f) The wireless 
communication method according to claim 9 which possesses further a stage which restores 
return information from a base vector and a quantization coefficient which were extracted, a 
stage of weighting an information signal which is going to transmit return information by which (g) 
restoration was carried out, and a stage of transmitting an information signal by which (h) load 
was carried out. 

[Claim 13]A stage of saving an index which points a base vector of said S dimension, a 
quantization coefficient, and these out, respectively in the (e) aforementioned sending set when 
return information on the aforementioned (d) stage is an index, (f) A stage of extracting an index 
from a return signal which received and extracting a base vector and a quantization coefficient 
corresponding to an extracted index out of a base vector and a quantization coefficient which 
were saved in the aforementioned (e) stage, (g) The wireless communication method according 
to claim 9 which possesses further a stage which restores return information from a base vector 
and a quantization coefficient which were extracted, a stage of weighting an information signal 
which is going to transmit return information by which (h) restoration was carried out, and a 
stage of transmitting a (i)-weighted information signal. 

[Claim 14]A wireless communication method which extracts return information from a received 
signal and transmits said return information to said sending set when M radio frequency signals 
characterized by comprising the following transmitted from a sending set are received through a 
multiple path. 

(a) A stage of presuming a state of a channel which is said multiple path from said received 
signal. 

(b) A stage of determining a base vector which can express M dimension. 

(c) A stage which chooses S base vectors (here, it is M>S) from determined base vectors. 

(d) A stage which chooses one from N quantization coefficients of each base vector. 

(e) A stage of calculating return information Wj from a selected base vector and a selected 

quantization coefficient. 

(f) A stage of returning an index which shows said Wj or Wi to said sending set if a value 
calculated from a predetermined object function based on said Wj and the presumed state H of a 
channel is the maximum. 

[Claim 15]Said predetermined object function P. is a following formula and P i =W j H H H HW i (H: 
Hermitian operator). 

The wireless communication method according to claim 14 expressed. 

[Claim 16]Based on said W } and the presumed state H of a channel, When a value calculated 

from said predetermined object function is not the maximum, P. is calculated about all the S 

base vectors selected from said M base vectors, The wireless communication method according 
to claim 14 which chooses other quantization coefficients about each selected base vector, 
respectively, and repeats the aforementioned (e) stage and the aforementioned (f) stage about a 

case as N S . 

[Claim 17]A stage of extracting Wj from a return signal by which (g) reception was carried out 

when return information is Wj in the aforementioned (f) stage, (h) The wireless communication 

method according to claim 14 which possesses further a stage of weighting an information signal 
which is going to transmit extracted W jt and a stage of transmitting a (i)-weighted information 

signal. 

[Claim 18]A stage of saving an index which points out selectable Wj and Wj from the (g) 

aforementioned sending set when return information is an index in the aforementioned (f) stage, 
(h) The wireless communication method according to claim 14 which possesses further a stage 
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of extracting Wj corresponding to a received index, a stage of weighting an information signal 
which is going to transmit Wj by which (g) extraction was carried out, and a stage of transmitting 
a (i)-weighted information signal. 



[Translation done.] 
* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to a radio communications system which returns 
what started a radio communications system with a feedback function, and a method for the 
same, especially approximated the return information on many dimensions, and was made into 
low rank dimensional information, and a method for the same. 
[0002] 

[Description of the Prior Art]Unlike a cable channel, radio-channel environment shows low 
reliability by strange noise and multiple use person interference etc. at multiple path 
interference, shadowing, radio attenuation, and the time. It originates in a motion of a reflector 
and a person, and a desired signal and interference signal are mixed mutually, and are received 
[ thus, ], and the fading effect by the multiple path which is a phenomenon in which this passes 
through distortion with an intense input signal degrades whole system performance greatly. 
Therefore, the fading effect by this multiple path is the largest difficult problem at the time of 
performing high-speed data transmission in a radio environment, and many researches have been 
done in order to cope with such a fading effect. 

[0003]The most effective method in it is the Dibbah city method. The Dibbah city method is a 
method of coping with a fading phenomenon by receiving the signal of shoes to receive a fading 
phenomenon, respectively using two or more fingers, and combining the output from each finger. 
It is told that such a Dibbah city method expresses quite excellent performance in a radio- 
channel environment. 

The various Dibbah city methods are proposed and formed into the present daily use. 

such a diva — roughly dividing into the city method — time — a diva — a city and frequency — 

a diva — a city and space — a diva — there is a city. 

[0004]the space which uses a multiplex antenna — a diva — in the case of the city, the system 
which installs a multiplex receiving antenna in a base station, and raises the performance of a 
down-link is formed into the present daily use. Similarly, to the terminal side, the performance of 
uplink can be raised using a multiplex receiving antenna. However, since there were restrictions 
of power-saving consumption, a miniaturization, a weight saving, complexity, etc., in order to 
have installed two or more antennas and to have used the Dibbah city method for the terminal 
side, there were many technical problems in a terminal technically. 

[0005]the transmission which installs a multiplex transmission antenna in a base station side, and 
raises the performance of uplink in order to solve this problem — a diva — the city method was 
proposed, the transmission using such a multiplex transmission antenna — a diva — the city 
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method — a diva — it is regarded as the method which was more economically [ than the 
method which installs a multiplex receiving antenna ] suitable for the terminal other than the 
improved efficiency by city acquisition. 

[0006]By the Dibbah city method for having used the multiplex transmission antenna, large — 
ARAMOUCHI (S. — M.AIamouti and "A simple transmitter diversity scheme for wireless 
communication".) A method with the numerals between information-less space-time about the 
channel state which IEEEJ.Select-AreasCommun., vol16, pp.1 451 -1458, and Oct.1998 proposed, 
the feedback system (3GPP and "Physical layer procedures (FDD)".) which returns with a 
receiver and uses channel state information it is indicated by Tech, Spec, Doc.#:3G TS 25.214 
version 3.0.0, Oct, 1 999, and http://www.3gpp.org — **** — it is divided. 
[0007]In a feedback system, the method proposed for next-generation systems is a method 
which searches for the information about a channel state from a receiver, calculates the optimal 
antenna weight value weighted by multiplex transmission antennas from this information, 
transmits and returns this value. It is told that such a feedback system shows performance more 
excellent than the method by the coding between space-time in order to apply the optimal 
antenna weight value by a channel state to a multiplex transmission antenna. 
If the number of transmission antennas is made to increase, it is known that performance 
improves in proportion to the number of antennas. 

[0008] However, information required for a return increases such a feedback system in proportion 
to the number of transmission antennas. Therefore, when using a multiplex transmission antenna, 
there is demerit in which channel capacity required for a return must be increased. The increase 
in the return information by the increase in the number of transmission antennas comes to bring 
about the increase in time required for a return, i.e., a time delay. In such a case, if a channel 
state comes to change while returning, it will come to bring about serious degradation, therefore, 
the multiplex transmission antenna by a feedback system — a diva — the largest problem of a 
city acquisition method is related to the return amount of information. 

[0009]The channel capacity generally used to transmit return information is restrictive, and if the 
return amount of information comes to increase, delay will come to occur so much. Therefore, 
when many transmission antennas are adopted, a feedback system will receive restriction with 
the return amount of information. Therefore, it is required to reduce the return amount of 
information. 
[0010] 

[Problem(s) to be Solved by the Invention]The technical technical problem which this invention 
tries to make is in the place which provides a radio communications system which approximates 
the return information on many dimensions to a low rank dimension with a receiver, and returns 
to a transmitter, and a method for the same. 
[0011] 

[Means for Solving the Problem]In a radio communications system which this invention 
possesses two or more transmitting antennas in order to solve said technical technical problem, 
and transmits and receives a signal through said transmitting antennas, Restore return 
information from a predetermined return signal, and restored return information is weighted at an 
information signal, A sending set which changes a weighted information signal into a radio 
frequency signal, and transmits it, And a receiving set which presumes a channel which received 
said radio frequency signal, and through which said radio frequency signal passed, extracts return 
information from a presumed channel, approximates, changes approximated return information 
into a radio frequency signal, and is transmitted to said sending set is included (equivalent to 
claims 1-5). 

[0012]In a radio communications system which this invention for making said technical technical 
problem possesses two or more transmitting antennas, and transmits and receives a signal 
through said transmitting antennas, Restore return information from a predetermined return 
signal, and restored return information is weighted at an information signal, A sending set which 
changes a weighted information signal into a radio frequency signal, and transmits it, And a state 
of a channel which received said radio frequency signal and through which said radio frequency 
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signal passed is presumed, All of a number applicable to a dimension which is going to 
approximate only said number of transmission antennas among base vectors of ** of base 
vectors, and a coefficient of those are chosen, Two or more weight values are calculated from a 
selected base vector and a coefficient, After extracting a weight value which maximizes a 
predetermined objective function for which it asked from said channel state among said weight 
values as return information and changing said return information into a radio frequency signal, a 
receiving set transmitted to said sending set is included (equivalent to claims 6-8). 
[0013]When M radio frequency signals with which this invention for making said technical 
technical problem is transmitted from a sending set are received through a multiple path, In a 
wireless communication method which extracts return information from a received signal and 
transmits said return information to said sending set through said course, A stage of presuming a 
channel which consisted of said received signal from said multiple path, A stage searched for 
from a channel which had return information which it returns to said sending set and is weighted 
by said M radio frequency signals presumed, A stage which approximates said return information 
to a low rank dimension from M, and quantizes a coefficient to an approximated dimension, and a 
stage of returning said approximated base vector of a dimension and a quantized coefficient to 
said sending set are included (equivalent to claims 9-13). 

[0014]When M radio frequency signals with which this invention for making said technical 
technical problem is transmitted from a sending set are received through a multiple path, In a 
wireless communication method which extracts return information from a received signal and 
transmits said return information to said sending set through said course, (a) A stage of 
presuming a channel which consisted of said received signal from said multiple path, (c) With a 
stage of determining a base vector which can express M dimension (b) A stage which chooses S 
in a base vector for which it asked, (d) A stage chosen every one of quantization coefficients of 
N pieces about each base vector, (e) a stage of calculating return information W ; from a selected 

base vector and a selected quantization coefficient, and (f), if a predetermined cost function 
generated from said Wj and the presumed channel H is the maximum, A stage of transmitting said 

Wj to said sending set is included (equivalent to claims 14-18). 

[0015] 

[Embodiment of the Invention]Hereafter, the 1 embodiment of this invention is described more to 
details, referring to an accompanying drawing suitably. Drawing 1 is a block diagram of a radio 
communications system with the feedback function in this invention. 

[0016]As shown in drawing 1, the radio communications system of this invention contains the 
sending set 100 and the receiving set 150. The sending set 100 possesses the base band 
treating part 104, the load part 106, the RF (RadioFrequency) treating part 108, and the return 
information restoration section 110. The sending set 100 possesses the multiplex transmitting 
antennas 120 and 180 for signal transmission and reception. 

[0017]The receiving set 150 possesses RF and the base band treating part 152, the restoration 
section 154, the return information approximation part 156, and the return part 158. The 
receiving set 150 possesses the multiplex transmitting antennas 140 and 160 for signal 
transmission and reception. 

[0018]The base band treating part 104 of the sending set 100 performs processing called coding 
and abnormal conditions of the information signal of a base band. The load part 106 of the 
sending set 100 is transmitted to the output signal of the base band treating part 104 from the 
receiving set 150, and makes the return information restored by the return information 
restoration section 110 weight. 

[0019]RF processing section 108 of the sending set 100 changes the output signal of the load 
part 106 into a wireless band signal, and transmits it through the multiplex transmission antenna 
120. The return information restoration section 110 of the sending set 100 restores return 
information from the return signal which received through the multiplex receiving antenna 180, 
and outputs the restored information to the load part 1 06. 

[0020]RF and the base band treating part 152 of the receiving set 150 process the signal 
received through the multiplex receiving antenna 140, extract a base band signal, and presume a 
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channel state from a base band signal. The restoration section 1 54 of the receiving set 1 50 
restores the information signal which decrypted the base band signal and was transmitted. 
[0021]The return information approximation part 156 of the receiving set 150 calculates the 
weight value of many dimensions from the presumed channel state, approximates a multi- 
dimension weight value to a low rank dimension, and searches for return information. The return 
part 158 of the receiving set 150 processes [ base-band-] and processes [ RF-] said return 
information, and transmits it through the multiplex transmission antenna 160. 
[0022]How to restore return information by the method or the return information restoration 
section 110 which approximates a weight value in said return information approximation part 156 
is explained below. 

[0023] Return information is acquired by approximating the optimal weight value acquired from 
the channel state presumed in said RF and the base band treating part 1 52 to a low rank 
dimension. For example, it is assumed that L multiple paths occur through the multiplex 
transmission antenna 120 and channel which comprised M antennas, If it assumes that the 
multiplex receiving antenna 140 possesses one antenna and the transceiving equipment 100 and 
150 can separate such L multiple path signals, channel state H may be expressed like the 
following formula. 
[0024] 
[Equation 1] 



H = 



r ■ ■ ft ■ • ■ 



ML 



[0025]Here, h j shows the first multiple path signal among the channels from the m-th 

transmission antenna. This channel state H is presumed by RF and the base band treating part 
152 of the receiving set 150. At this time, any conventional channel estimation methods are 
adopted and it deals in the channel estimation method. 

[0026]The return information approximation part 156 calculates the weight value applied to a 
transmission antenna from the channel state presumed by said RF and the base band treating 
part 152. Since the load part 106 of the sending set 100 can make a channel state reflect in an 
information signal beforehand before transmitting an information signal by weighting the return 
information restored by the return information restoration section 110 at an information signal, it 
can reduce the influence of fading by a multiple path. 

[0027]The optimal transmission antenna weightings are given as the vector W which makes the 
objective function P like the following formula maximize. 
[0028] 
[Equation 2] 

p =W H W H HHW 

[0029] Here, H is a Hermitian operator and a vector W indicates the weight value of a 
transmission antenna to be, and W is expressed with a following formula. 
[0030] 
[Equation 3] 

w= [w lf w 2 , -w M ] T 

[0031]Here, W m shows the weight value of the m-th transmission antenna. T shows the 
introduction of a procession. Optimal transmission antenna weightings W Qpt is calculated as W 
which maximizes P of said expression (2). W Qpt is given as a characteristic vector corresponding 

to the maximum peculiar number of H H. 

[0032]When a system comprises M transmission antennas and a receiving antenna of M' 
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individual, the method mentioned above can be applied and the optimal transmission antenna 
weightings can be obtained. Therefore, from the arbitrary numbers of receiving antennas, W Qpt 

has an element equivalent to severalM of a transmission antenna, by this invention, approximates 
optimal transmission antenna load part W Qpt with such an M dimension to low rank dimensional 

information, and searches for return information. 

[0033]Optimal transmission antenna weightings W Qpt is M dimensional vector (this M is the same 

number as the number of transmission antennas.), and, generally each element is a complex 
number here. Therefore, it is considered that W opt is one point of M dimension space, and it can 

express the point with a base vector which can express M dimension, and a complex number 
coefficient applicable to each base vector. 

[0034]W Qpt For example, W opt =[a, b, c] T , If three-dimensional W Qpt is expressed as a base 

vector and its coefficient as B^lJOO] T , B 2 =[010] T , and B 3 =[001] T , respectively, W Qpt can 

express a base vector like the following formula. 

[0035] 

[Equation 4] 

W opt = aB 1 + bB 2 +cB 3 

[0036] Drawing 2 thru/or drawing 3 illustrate the example which approximates W Qpt to a low rank 

dimension by projection. If the weight value before approximation-izing is set to W Qpt 200, in order 

to express W Qpt 200 to three-dimensional information, the base vector of the three minimum is 

required. If it assumes that this base vector is set to 8^02, B 2 204, and B 3 206, and it has a size 

of 1, respectively, and intersects perpendicularly mutually, Coefficient c 1 of W Qpt 200, c 2 , and c 3 

can be calculated by the inner product of W Qpt and each base vector under this assumption. 

Thus, W opt can be calculated like the following formula. 

[0037] 
[Equation 5] 

W opt =c 1 B 1 +c 2 B 2 +c 3 B 3 

[0038]Here, if a coefficient fulfills the conditions of |c 1 |>|c 2 |>|c 3 |, respectively, it comes to 
account for the rate that B 1 ingredient is the biggest, in the ingredient showing W t . 
[0039] Drawing 2 (a) is a figure showing a relation when W Qpt was projected on each base vector 
^202, B 2 204, B 3 206), and drawing 2 (b) illustrates the case where W Qpt is approximated to one- 
dimensional information. In this case, three kinds of approximation are possible and 0.^212, 
c 2 B 2 214, c 3 B 3 216, and expression are possible respectively. By the way, if a coefficient fulfills 
the conditions of |c 1 |>|c 2 |>|c 3 |, the one-dimensional optimal approximation of W Qpt can be 
expressed as ^B^*^. 

[0040]Drawing 3 (a) is a figure showing a case of two-dimensional approximation. In this case, 
W o P t can be ex P ressed as c^+CgB^O, c 2 B 2 +c 3 B 3 222, and 0^+0,^224. If said each 
coefficient fulfills conditions of |c.||>|c 2 |>|c 3 |, two-dimensional optimal approximation of W Qpt can 
be expressed as c.| B.j+c 2 B 2 220. Drawing 3 (b) shows the three-dimensional approximation 230, 
exists only one kind of c.| B.|+c 2 B 2 +c 3 B 3 in this case, and that of an approximate value at this 
time is the same as that of an optimum value. 

[0041]The base vector set required for load part approximation should just express a dimension 
of W t . Therefore, a set of various base vectors can be used for load part approximation. It does 

not intersect perpendicularly and ** does not interfere, either, and a base vector has here the 
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strong point which can avoid duplication of information, when it intersects perpendicularly. 
[0042]Drawing 4 (a) thru/or (f) is a figure showing an example of a base vector set required to 
approximate a weight value. Drawing 4 (a), (c), and (e) shows two dimensions, a three dimension, 
and a 4-dimensional orthogonal-basis vector, respectively, and an ingredient of each base vector 
shows what uses each antenna, and a thing which is not used. For example, if a two-dimensional 
base vector [1 0] was chosen, this shows that a signal is most transmitted among antennas 
which exist two using an antenna of eyes. On the other hand, if [0 1] was chosen, transmitting a 
signal using the 2nd antenna is shown. 

[0043]Drawing 4 (b), (d), and (f) shows a base vector which maintained the orthogonality of each 
vectors by two dimensions, a three dimension, and a 4-dimensional orthogonal-basis vector, 
respectively, maintaining a power difference between each antenna at the minimum. 
[0044]In order to approximate a weight value, a coefficient for every base vector is required in 
addition to a base vector. In this invention, this coefficient is expressed as the real number or a 
complex number, and is used for quantization for a return. 

[0045]Drawing 5 shows an example of quantization about a complex number coefficient. Drawing 
5 (a) is a case where it quantizes with the two levels with numerals of a real component of a 
coefficient, when a real component of a coefficient is a positive number, it quantizes a 
coefficient with central value e*°, and in the case of a negative number, it quantizes with central 

value e* pi . In the case of drawing 5 (b), it is other examples of 2 level quantization, and it shows a 
case where it quantizes with numerals of an imaginary component of a coefficient. 
[0046] Drawing 6 and drawing 1 are the flow charts about an algorithm which approximates a 
weight value according to the above-mentioned process. Drawing _6_ is a figure showing a method 
by projection, and drawing 7 is a figure showing a method by search. 

[0047] Hereafter, the number of transmission antennas is M, and it assumes that approximation 
to S dimension is performed, it assumes that a quantization-of-coefficient level is N, and 
explains. 

[0048]According to drawing 6, a method of approximating a weight value by projection calculates 
optimal transmission antenna load part W Qpt first (502 steps). Calculated W Qpt is projected on 

each base vector. That is, a coefficient is calculated by an inner product of W Qpt and each base 

vector (504 steps). After choosing S coefficients in order of a size, a base vector applicable to a 
selected coefficient is chosen (506 steps). A selected coefficient is quantized (508 steps). A 
weight value is approximated using a selected base vector and a quantized coefficient (510 
steps). 

[0049]According to drawing 7, a method of approximating a weight value by search chooses S 
base vectors among M base vectors first (520 steps). One is chosen from quantized coefficients 
of N pieces about each S selected base vector (522 steps). Load part Wj is calculated from a 

selected base vector and a selected coefficient, and PpW. H H H HW. of said expression (2) is 

calculated using H of said expression (1) (524 steps). Here, H expresses a channel state 
presumed by RF and the base band treating part 152. It distinguishes whether P. is the maximum, 

and if Pj is the maximum, Wj at this time will be chosen (534 steps). 

[0050]If Pj is not the maximum, other base vectors will be chosen (528 steps), other quantization 
coefficients will be chosen and carried out (530 steps), and, subsequently W ; will be calculated 
(532 steps). The above-mentioned stage is repeated about calculated Wj, said 530 steps are 

repeated about a case as N s , and 528 steps are repeated about all the cases of S base vectors 
of M base vectors. 

[0051 ]By a method of approximating such a weight value, the value outputted from the return 
information approximation part 156 of the receiving set 150 can become an index which points 
out a quantization coefficient. 

[0052]The following table shows a case where an index expression process and an index when a 
case where a quantization level was 2 was assumed are expressed in digital one to an example. 
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;0053] 
[Table 1] 








e j 0 


1 


0 0 


e 3 


2 


O 1 


e 1 * 


3 


1 1 




4 


1 0 



[0054]Similarly, an index of a base vector by which information about a base vector was also 
chosen can express. The following table 2 shows a process which expressed a selected base 
vector by an index. It is a case where assumed a case where the number of the transmission 
antennas 120 of the sending set 100 was 4, and a case where one dimension is resembled is 
assumed. A base vector adopted [1000] T , [0100] T , [0010] T , and [0001] T , respectively. 



[0055] 
Table 2] 








[1000] T , toioo] T 


1 


O O o 


[1 000] T , [0 0 1 0] T 


2 


0 10 


[iooo] T , [oooi] T 


3 


110 


[0 1 0 0] T , [0 0 1 0] T 


4 


111 


[0100] T , [00Ol] T 


5 


0 11 


[O01O] T p [00O1] T 


6 


O O 1 



[0056]If the approximation to two dimensions is assumed in the environment same as mentioned 
above, in order [ total ] to become 6 kind and to show this information, the data of a triplet is 
required for the number of cases which can choose a base vector at this time. The next table 
shows the example attached in this case. 



[0057] 
[Table 3] 








[lOOO] T 


1 


0 0 


[o 1 o o] T 


2 


O 1 


[0 0 10] T 


3 


1 1 


[0 0 0 1] T 


4 


1 0 



[0058]Thus, since the weightings approximated to the low rank dimension consist of a coefficient 
corresponding to the base vector and it which make a low rank dimension, If the base vector, the 
coefficient corresponding to it, and the index that points these out are saved by table format at 
the sending set 100, said index can be transmitted to the sending set 100. The return 
information restoration section 1 10 of the sending set 100 can extract the base vector and 
quantization coefficient corresponding to an index from the saved table. 
[0059]When a weight value is approximated and it searches for return information like this 
invention, it decreases the return amount of information. For example, when transmitting the 
weight value of 4-dimensional one which is not approximated to return information and the 
coefficient which does not need to be returned is also made to approximate if it assumes that 4 
bits is required for the complex number coefficient of each dimension to be shown, a total of 12- 
bit return information is needed. Here, it is not necessary to return the coefficient of a certain 
dimension. The reason is because the whole transmission antenna transmission power is being 
fixed, and the size information of the coefficient about a certain dimension does not need to be 
sent and can express the topology of each antenna by the relative topology over a certain 
antenna. 

[0060]The number of bits by the return method by approximation can be divided by the number 
of bits required for the number of bits and a coefficient required for the kind of base vector used 
for approximation to be shown to be shown. 2 bits is required for the number of bits required for 
the one number of cases to choose to be shown from the inside of four base vectors, and since 
it is thought in this case that the coefficient was fixed to 1, it is less necessary, when using one- 
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dimensional approximation in the first place for the return information which shows a coefficient. 
Therefore, the total 2 bit information is needed. 

[0061]When two-dimensional approximation is used for the second, the number of cases of base 
vector selection is six kinds, and the number of bits which classifies six kinds is a triplet. Since 4 
bits comes to be needed for expressing the coefficient of the existing remaining dimensions 
since the coefficient of a certain dimension is not required in the case of a quantization 
coefficient, the total 7 bit information is required. 

[0062]When using three-dimensional approximation for the third, the number of cases of base 
vector selection is four kinds. Therefore, since 2-bit information is required for this to be shown 
and 8-bit information is required for a quantization coefficient, a total of 10-bit information is 
required. 

[0063]In resembling four dimensions, the total 12 bit is needed for the fourth. Therefore, when 
applying the approximation-ized method, it turns out that it decreases and, as for information 
required for a return, it turns out that it is smaller than the case where it does not 
approximation-ize in all cases, or has same number of return amount of information in them, so 
that an approximation-ized dimension becomes low. 

[0064]The following table 4 compares and shows the approximation-ized method and the method 
which is not approximation-ized. 



;0065] 






Table 4] 












1 






2 




1 2 bTy f- 


3 


1 O h 


4 


1 2 ITy h 





[0066]According to this table, the approximation to a low rank dimension is decreased more in 
the nearby amount of information many from the case where it does not approximation-ize. 
[0067] 

[Effect of the InventionjAccording to this invention, by reducing the return amount of information 
with a communications system with the multiplex transmitting antennas using a return, a channel 
required for a return can be used more efficiently and a time delay required for a return can be 
reduced. The degradation by approximation-izing can be minimized by reducing the return 
amount of information in the optimal form. 



[Translation done.] 
* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1]It is a block diagram about a radio communications system with the feedback function 
by this invention. 

[Drawing 2]Both (a) and (b) illustrate the example of the approximation to the low rank dimension 



file://C:¥Documents%20and%20Settings¥^^^l^¥T r X^7h^^¥JPOEn¥JP-A-20... 2008/09/02 



JP-A-2001 -352283 



13/16 s<— V 



by projection. 

[Drawing 3]Both (a) and (b) illustrate the example of the approximation to the low rank dimension 
by projection. 

[Drawing 4](a) Or (f) is a figure showing the example of a base vector set required to 
approximation-ize return information. 

[Drawing 5]The example of quantization about a complex number coefficient is shown. 

[Drawing 6]The approximating method of the return information by projection is illustrated. 

[Drawing 7]The approximating method of the return information by search is illustrated. 

[Description of Notations] 

100 ... Sending set 

104 ... Base band treating part 

106 ... Load part 

108 ... RF processing section 

110 ... Information restoration section 

120, 140, 160, 180 ... Transmitting antennas 

1 50 ... Receiving set 

152 ... RF and base band treating part 

154 ... Restoration section 

156 ... Return information approximation part 

158 ... Return part 
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[Drawing 2] 
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[Drawing 5] 
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sas 1 0 4 ©a^m^tc 3m 1 5 0 

ft. »»tt««7casi 1 0tcr«7c3-&fc»iit»*8*ai 

*3-ss. 

[0019] am ssa 1 0 0 ©r fmSdR loss, ta 

SSfll 0 6©tfi#«^£&ig^Jl!(fI^K^&LT^SjM 

«r>^^ 1 2 ofcacfcas-rs. Mft^aioo©» 

ffl»«ffl7cSPl 1 0B. ^ISfl7>ft 1 80OD 

[0020] sm^a 1 5 o©r F^.am^mnm^ 

15 2B, M§(l7>ft 1 4 0£jiD§fl Lfcft# 

+ >*>n*ffi&itBrrs. smiiai 5 o©a^5i5i 5 
[002 1 ] sft ^a 1 5 0 ©»ats$gifi<KSP 1 5 6 

■So SfiiSBl 5 OOiHKtWl 5 8tt, HUia^Stffg?: 

mm^mmmsLURFmrnL-c^mmimriyT-r 1 6 0 

[0022] mMsmm^nmm 1 5 6 icmfrmzft 
M-rzjsmttcimmimmTc^i 1 otcr'itattfB^ 

[0023] mmmmt, tuieR Fs^sje^wagu 

1 2 0Ri>'9 1 + >4 , oU?:jiDLffi©^Sit ; IS§^ 
^•r^itg^C/, ^SS:{fT>7 : -^l 40ttl-?O7> 

^*n«-j-*i<R3ii/. assmsa 100, 1 5 ok 
tcoi^^L <@©^*sssft ^£#8t-c£ s i -rn 
+ > * ;Urtffi H f*^©^;© J; ^ 3 nf# h . 

[0 024] 
C»l ] 



A,, - A 



Ml 



ML 



[0 0 2 5 ] CCT, h.,ttmS@©iHffT>7-^^e> 
©? + >^;U©^^«W©^SS8§ff^^-ro c©^ 
r > * JH^JRH ». Sm«B 1 5 0 © R F R 
«tSg(51 5 2-Cff5£3ft£ 0 C©B$, ^ + >^;Hi^^ 
ffittSe*© I. <c * + > * i WBE&j* «> »K 3 ti 5 

[0026] mmmnmim 1 5 6 it. stria r f ays 



0 0 ©flnasp io6ij, »st*ffi«7c§P 1 1 0 xmtz 
titcMmm&zmmmmcmm-? s c <t k <t 9 , mum 

£KB* s it -5 c £#-?£-&©-?, &mmffit>c£Z7*- 

too27] *iS©jiffT>7-^flnsfii«. ^©sc©J: 

n-5>„ 10 

[0 0 2 8 ] 

P=W H W H HHW 

[0 0 2 9 ] CCf, H«XJU3-HSI»T-. WiiiH® 
[0 0 3 0 ] 

[tk3] 

w= [w„ w 2 , ...wj T 20 

[0 03 1 ] CCT, W.«mSe©i*ffT>7-^©S 

*ttmttw„.«. (2) ©p*«^brsw 

iLT**^ti5. w„,o:H"HeD«^@W»K:Wjft-r 

[0 0 3 2 ] */XTJ*1fi. um<Dvkm 7>ftiM' fl 
©§{iT>ir^J;«3«Jj£;*ft£i§£K:tf:, ±MiLfc73ft 

W oP t=CiB 1 +c 
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[003 3] «)i©31flT>r^»n*fiiW„ ot », 

W ODt fJ, M^£[iB©l*<b*ft3tt. ^© 

h jKcigs-r & i tc £ <o c £ #r » & . 

[0034] W..«*W.„ - [a, b. c ] T 

i. h^-en-enB a = [ 1 00] T , b,= 

[010]', B 3 = [00 1] T i L-t. 3^7E©W«,„ t 

#©5£© J: 3 &c^3g-c * & . 
[0 0 3 5 ] 
[«4] 

W opt = aB 1 + bB 2 +cB s 

[0 03 6] 027bS03«, JS:i5(C«fcf)W <>Dt *T{4 

w.. t 20 oi-rntf. w„„ t 200^3 

*J<iWC**. C©ajS-^fh^ ) S:B l 2 0 2, B,2 0 
4. B,206i(, 1 ^nftll ©A£3£f#%, SO 
(cfi^-T C©<5S©T, W„,2 0 0 

atc<fc»3*is!>SC£^T?#^, 0 C©J;-5tcL-T. W„„ t 
«^©iC©<fc -5 £ C t ffi V Z 2> „ 

[0 03 7 ] 
[»5] 



B 9 + c o B 



3 



[0 0 3 8 ] CCt, flBR* 1 *^ I c» I > I c, I 
> I c, I (Dgift&mtc? t? fttf. W„ t *3i"J-JS8»© 
B^^SkA^fttfl^^SJ: 

[0 0 3 9 ] 02 (a) ttW..«*SISJS^5' HA- (B, 
2 0 2, 6,2 0 4, B 3 2 0 6 ) te&fJLfcB^OIKHfcfc 
mLtcmv$>K). 02 (b) »W..,* 1^7cl«*K:jfi 
ffiiLfc*§^£0^L/cfc©r&.5. C©*§l=f, 3 
fiiHtfnJIB-C* 0 . fWnc.B, 2 1 2, c,B 2 21 
4, c 3 B 3 2 1 6tWX5mv*>&. tC^T. 

I c, i > i c, i > i c, i ©^fr^«fc-rirn«. 

W..,©i;X7C*3ftffi<Kttc 1 B 1 2 1 2 iSit^S. 
[0 04 0 ] 03 (a)«, 2^7ofi<H©*8^*^U/t 
0-C&&,, C©t§£\ W.„Bc I B,+ c 2 B 2 2 2 0. 
c ! B,+ c i B J 22 2, c 1 B,+ c J B J 224iITC 

£#sr#-5. tfc, iME&flMKa*. l c, l > l c, l > 
I c 3 i ©^ftiiwtrirtna:. w O0t ©2^*jsa 

{Hit. c 1 B 1 +c,B ! 220i*tCiA5ttS„ 03 



(b)B, 3^7aa<K2 3 0£^U C©»^ttc a B 1 
+ c ! B ! + c J B 3 0 1«^ffai l C©B#©ia<Htl 

[0 04 1 ] flaS^fflfKic^^cSJg-^^ hJbm^iJ, 

* h juom&iwm-c cc rajg 
«1t *s©s*g£ ®w s c <t T&j-r £ sgj?f#* a. 

[ 0 0 4 2 ] 04 ( a ) ( f ) », *^fil^ifi{H-r 

sotc^itii^i/ h^*^©m^L/c0r*4. 

04(a), (c) , (e) [«hfh2^£, 3# 
KJS-^^ h ;U©)&#«&T > ££>©£<£« 

o ] *5ji^$ti/c«i:-rn«. cnB2^4r>ft 
50 *7nT. — ^t. [o i ] ^iijRsn/c£-rn«, 2# 
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[0 0431 04 (b), (dK (f) B. #7>r 
^ra©^'7~:^££/Nc^&#s6> MHS]±© 

[0044] s^fii^ifi<HT^ic«. mm.<<t> ywah 
cvmmzm&ttcizmk&tozmmzti, mm 

©fc&©ST-{bccfflt> 6ft £&©-?£>£,, 
[0 045]i5B, tWiWI9«c-3i»r©»HfcH* 
^-T. 05 (a) «. ^©IS#J&#©*H»CC,fc 9 2 * 
irca^-fb Lifetime* 0. «»©^«fiS#a*iE»rr* 
iW^tt^K^f^tte^ta^-fkL. ittfe©t§^w:R 

ffHBe J * iST-{b-rS„ 05(b) ©*§^«2*iiS 

[o 0 4 6 ] meRum7 wofcommtcu-ix . * 
^fii^ia<HT'5T^^';xAtc-oc>r©7P-^-f- h 

[0 0 4 8 ] BSfCfcfttt. J: 9 

^-rsa©i*fir>^^-tt]*^w oot ^*& 

a (5 0 2®pg) . 3jcAfcW.. l *&SJ^*hJl/K:« 
(5 0 4f3P§) . 3»cSfI 

£jitR-r& <5 0 6K») . aj?snfc«»*«^ft-r 

ftfc«»*f«raLra*ffi«rififficrs (5 1 ok«> . 
[o 04 9 ] 07ccj;ntf, &mic£ Ktn&m&mz-? 

? hJl'fcaHRT* (5 20g») . jl^^n/cSfB©* 
jg-^ £ I- ;b-€-n-etv ft o l » T N <1©*^H b 3 ft/d&tfc© * 
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1 o*»jR-rs (5 2 2SPg) . »ti?3ftfc3jg 

8E»5$ ( 1 ) ©H*5Mffl0r. ButEl^ (2) ©P, = 
W,"H"HW,*St»-r« (5 2 4 SB) . CCt, Htt 
R F S^S^^&agR 1 5 2 rflSt Stlfc?t>*;b 
t^^a-T. P,#«*T***>*2|a|S8U P,***fcAc3Cc 
6«C©Bf©W,?r3§^-r^> (5 34l5Fg) . 

[0050] p, wt^ftwntf. ffi©ss^^ 

ZmtRL (5 2 8SP§) . f6©«^Hk»»*iW?0r 
(5 3 0©F§) U o^t'W,^^ (5 3 213 

pg) . sftfcw.KoorwiisoaBsgaLrN'it) 
©ia^coiJTHuiB5 3 oiai!g*jgmb > M<@©ajs-^ 

^ h;i/©s<B©3jg^ h;U©-r^<T©t§^&Cot,>T 5 
2 8SPg^S«f S. 

[0 0 5 1 ] C©«fc5tt«*tt*iafc(T*:£8;K:<fcD > 
S:ftJlg 1 5 0 ©MMtSfRjfifKoP 1 5 6 * 6 tH^J 3 ii 5 

attm&itvm&iz? -r > 7= ^ ? z ic & o 5 

[0 0 5 2 ] ^tt*T4b^#2©t§i^£{g5£LfcB# 
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[oo54]|3ig<, set* hMcm*ztfimi>miR 
2»» miRztitcmm^z b)\>*'(>7 : ??z.X'miL 

tc&m&m-?. 'MisgiS 1 0 0 ©MflT 1 2 0 © 

0 ] \ [0100] \ [ 0 0 1 0 ] \ [00 0 1]' 

[0 0 5 5 ] 
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[0 1 0 03 T , [0 0 0 1] T 
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Oil 


[0010] T , [0 0 0 1] T 
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0 0 1 



[0 0 5 6 ] £tc. ffim<D<i:5(,cmcm%l-C2-,X7x:^<D 
ia(H*<R5£T&&6tf. C©B#*Jg-i^ H Jl/fcatR-Ci* 
4»£©tfettf£B«SlK:& ! 3 . cam «*^-rfcg>K:tt 

[0057] 
[3*3 J 





4 >*fy9* 




[1 0 0 0] T 
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0 0 


[0 10 0] T 
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0 1 


[0 0 10] T 
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[0 0 0 1] T 
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1 0 



[0 0 5 8 ] C©J; 5 fc. T(4^7Ctci5ffi(3tifc7jnSfii 
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SI 0 OfCfi&fSftT l»*«c6tf. BUlB-Y>f r ^ i'X^r 
iMff^g 1 0 0 Ccfiilr £ &@&B 1 0 0 ©JMMff 
««7cBM 10(i, «??3ti/tf-^*6'{>f?i' 

[0 05 9] ^Oi^K, «*tf*2<HLT«at» 
& £ . MJt 1 2 f 9 f- ©:Nt jStSfB^gK: c C 

[0 0 6 0 ] «tstr » 

F»iffi»*^T©«Cd*Stttf 9 h»T«iCiOT* 20 

* h;u©*> 1 ocwi!RrStB^©»[**r©K:s^ 
Bfc f 9 h 2 t' 9 h *i«£Wr * «3 . C ©*§£. 
til ^H^Snfci^A^ftSfcftKfiMS^r^rjIHltt 
tttfiiWCfc < ft Z> . ^t, m 2 t' 9 h ©«##£* 

[0 0 6 1 ] fS-CC. 2&5tjffifcl*«fflLfci»^ »J£ 

•5^7C©^«^r^^©-C. »0©*4^7C©»» 30 
^rSI^T £ ©i£ 4 k* 9 h WJ&m £ & 3 J: 5 K ft £ ©"C . 

m t* 9 Koit«^*-c**. 

[0 0 6 2 ] 3^7cififfil*affl-r *s 

h >!>»&©»£©«» 4 £^-t. cn 

*^"T©K: 2 t' 9 h ©tMRsWiWr* 0 . «^Ht«»« 
8 t* 9 h©tt«*yi«&©r. tfttt 1 0 t' 9 ha>tm& 

[0063] j&ratc. 4^7cJcitt<tt-r**»^«:tt»ti 2 

») /h 3 1 C «©» iMt»$&i£?#^ i t » "5 C £ 
[0 064] ^4 tt. jfiMb^iififl^'ftL/^l^S 
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[006 7 ] 

Mr*. »atc.i&sttiiaii^iai**6ii6*i4. ttcm 

[Hifi©«*&«iW] 

[01] *^bjcc «fc ««#g^^o^jlff r 
A&c-?t>-c©:/n 9 i'it*?). 

[02] (a) . (b) «£feCC, JgSJtcJr^Tli^ 
^©^©^^H^L/c^O-C*-?). 

[0 3] (a) . (b) ttifcit, 8*«:J:*T{a;fc 
^©ififfii©^!!^^ U 4> ©t? * -5> „ 

[04 ] ( a > nm ( f ) it. jmmnz&Mt-rz 

(Dic^t^mm^^ h;l4B^©«*^UfcB|-r*S. 

[05] aBR»««t{c-pc»-c©«^t«*^-r. 

[06] g*(cJ:^,' J l§at»$R©£<H^ ; §:0^U/cfe 
©r*£„ 

[07] tft*{c«k*«a««©ifi<H^ffi*iamLfc«> 

[^#©SiW] 
loo- • • mmmm. 
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io6- • • mwrn 

10 8- • • RFMSSB 
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120. 140. 160. 180 - •• iZ^mri/f-i- 
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15 8- • • iHtSSP 
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